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ABSTRACT
\. % -
:X'M.. report desoribes the mswthods of acquisition, processing and analysis
of f£ield data for roliadility messurement on three eliswses of Alr Force
Oyound Electronic Bquimmnta. Tue field study was designed to acquire
sufficient controlled ¢r'ia for comparisen with theoratiec) reliablility
predictions and laboratory testé that have beun concurrentiy porformed on
the sume squipments. The equipmants cbssrved are av follows:

f
- m m- \!
50 vigatica (L mms%j ‘M
Comsanications (_mmac-z'q R

A gample of equipments of each typs above was ssleoted for cbservation

from four operational squadrons within tue Central Air Defonso Forve.
The progren at each site consisted of the following elements, described

in detail in the repoxi. _
11, Indoctrination of Radar end Communications Perscnnel,

« 2y Collection of general information about the site, including
equipment, operation and mainienance procedures,

'3y Measurement of equipment environment, 2
'y Estabiistment of controlled data collection.

The contrclled data collection phase uas extended ovar a periud of about
one year.

Data processing, statistical and enginsering analysis tecaniquss ere
described. To iliustrate the varizty of intomation available and the
methods of access, a sample machinz run-of f tabulation for the FPS-3 is
presentad. This repoivt describes metheds employedgﬁresults on all squip-
ments and sites will be containad In the forthcoming Final &nglineering

Raport.
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METHODS- OF Flild DATA ACQULISLITION,
REDUCTION AND ANALISIS POR OROUND
2! CTUHONIC RKQUIPMENT RELIABILITY HEASUREMENT -

i Wou
%.L%ﬁﬁs‘%"“m““"°”“m
asthods us~' to aoquire, reduce and analyse
Jata odtaired from zround electromie ' qui t located st four Alr Force
installatitns io ihe Osntral Alr Defeass Foroe (CADF). Inmformation from

thres aajor catogories of ground mct.ronic equipment was collected,
The thres specific equipmsnts selected for shis progrsa were!

[ YS m - l./ﬂ’s-}
b. Navigational Aid - AN/AOPI.20
o. Comsunications - AN/IRC.27

Faillure date rlus enviromesntsl, naintensnocs and other mrawiineans I
formaticn 535 Lewu cuilecwea over s psriod of one year and will be used
%0 verify theoretical reliability predictionsy ocn the sbow equipment.
Iniividual predictions on each equipment are vontained in epacial
engineering upcru hare refersnced.l, 2, 3

1.2 Overall P sa Joal -~ Bafore describirg the field data collection
phase in detzil 1% will be %ell to zonsider the principal goal of the
msasurement and prediction study. Lt may be stated s follows: .

*To develop and velidate a method for prediction of i1elisdbility
of ground 6lectronic equipment in advance of production.®

To accomplish this stated objactiwe, & thres phase program has becn in
progress: (1) Predietion of inherent relisliiity, (2) Laboratory tast
to verify the predictica, (3} Field measurement Lo substaniiate the
predictisn snd laboratery tests. Due to the great variety of environ-
monta) conditions, maintenance pra~tices, equipmant urape and history,
ot0., it is not expscted that ficld measuremants of relicbility wiii be
numer! . 17ly squal o prediction or laboratory test results. However,
the re.:tionship or correlation betwasn thess phases and the eifesis of
the dominani envircmewntal factors must bs determinea if the maximum
value is o te peinad from a prediction.



1.5 %ﬂm of % %14 Data w’iﬁ% Phase - To anquire a suf-
“fician W ion to ensbls valid

o )
nﬁum W prediction and lsboratory test results was the objective
of the fleld date Sollsction phase dedoribed in thie report. Data om
squipmant performance, failures, maintenance practioces, training snd
wperistice of personnsl, sovirommental factors, and others vere sssentisl
requirements of the field program. The organisation and implamentstion

" of the program are desorided in the following sections.

2. RBTASLISHMENT OF THE FIRLD DATA COLLECTION PROGRAM

2.1 %mm of % = It was initially intended to selest equip-
ment : of * najor cutegorios which represmted the latest
produced items. Howewer, it was found that such squipment was not in
the filsld ila sufficlent quantities to provids adequate fallure data and
conveniently located to make it ecancmically fessible. The AN/FPS.3,
AN/GFX-20, and AN/GRC-27 appsared to be the most logical choics., Thay
ere used extensively in the fisld as a system snd have been in operation
for a sufficient time to have accumlated quantities af data. Other
slvasbager of selecting maturs as oppossd to newly introduced equipmamt
sre: {1) the learning curve, that has s pranounced effect on relisvility
of newly introduosd squipments, will not bs a large factor for the mature
squipments, (2) engineering changes and retrofits that generally piague
data collection programs on new equipments will not ba a major factor on
maturs equipments. '

2.2 t locationa « The three squipments siudied are used by Alr-
cralt Conire arning (ACIW) Statisna opersted by the Air Foroe, -
strategically iocated throuphout the United States and cverseas. Although
it is generally recognizsd that envirommental extrawss adversely affect
equipment performance, this stwiy wes not desirned to determine the eflescte
of wrrld-wide envirormmental conditions on reliadility. The emphasis wes
placved on obtaining controlled, Iigh quelity data from a more ifimited
source. Pour ATY sites within tue Central aAly Defense Force (CADF) were
gselected, Ths locations repressni a moderate variation in climatic con-
ditions; en~tipment veare was similar at each site. -

2.3 Plaming for Deta Co_lsction - ALl %00 Ireduently in the history of
data analysi: the complinint is riised that vital information is miusing.
In -esrlv roery industrizl orpanization there ase files of data which.
will never bte analyzed due to incomplete information, The anal:;at all
tno often is ealled ¢ . after the dats han been collected and requesisd
e eome np with clenr, valld «d undisnuted connlesiors. In a ssrionn
atberpt to aveid thiv afterstin-inet dijemma, the fiela data colleetion
vhoase war gavefully ploonned with o eonstont viow tetard thy end rensulis
of the enndysi.
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3. METHOD OF DATA ACQUISITION |

3.1 Oereral - The observed relisbility of an slegtronic oquip-om
service bée is affuctad by & mmber of faoéer:. Basic oo this figz,. R
of merit is the inherent capability of the dssign; however, usage, ) N )
maintenance, snd other eavironmental fastors may haw a marked eiivcy
on measured reliability. If a desixzned experiment is to yleld »alay . |
and useful results, it is impsrative to list a~d me.sove, in so.fad ‘a '
possible, those fastors believed to have significans influence on o
final s#ult. A useful atandard has been preparad by the mocﬁmic T
Induptrine Assoclatiocn for reportins reliability nesgurenenta, T
of the factors nown to affect obsarwe ve)iability are liated balou: ;

a. Ocneral climatic and equipvent snvironmensal conditions

b, Definition of the equipment o: system

c. Criteria of adequats perforwmai oo )
d. Definition of failures

e. Operxting time or time to failure

f. Operuting or usage conditions

Molmbowaw oo momandd cua
7xX—

e st

h. Sampling or estimating techniques (underlyifg assumptions) -

3.2 Field Program Requirsmants - Field Jata acquisition at, eack uw
was perfarmed in three consecutive phases as 1isted below:

a. Equipment and site general information
b. Short term measurement of equipment environment
¢ Long range controlled data collection

3.2.1° Equiment and Site Oeneral Information - Appendix i of ehia

report 1s an exhibit of the "Equipment and Site Infoimsidor T **iome

naire" that was used in the preliminary phase of the data ollec“t:"ﬂf‘“"“ e
at sach sits. The information was recorded under four ger:ral ca s~

gories briefly desoribad helow:

a, ACAW Site Quoationnaim - including inforratlicn on ‘rrrain;
physical surroundings, eguipment locations, type of traffi-
handled, supplv set up, etc.

b. Equipment Questionnaire - listing major cperating usits,
squipment operation, test equipment used, operating iratrie-
tiens, history, mcdilications performed, and past. fadluca citz,

c. Maintenance Proccdures - describing method of repmting, loge
and forms uned, daily, weskly and monthly checks porrorrdd, auu
other items,



~ds  Section (Feréonnel) Luestionnaire - listing number of penons;
. ‘militery and civilian, experience, 2ducation, length of sexvice,
. xnovledge of equipnest, iraining poagracs redsived, eta. -

One of the most important areas of the Bquipment and Site Ceneral.
Information phase wae the logring of past data referrsd to in item (b)
sbove. At least one year's data on equipment was transcribed fram the
warious sources avallable,. Sources of cats uwsre as follows:

~AN /CRC-27 AN/FPS.3 and ANAOFX-20
Eqaipment Outape Logs  Rader baily Log, ADG 1)

© AFTO Forms 43, LA and 3B Pailure Record Cand, ADC 155
Unsatisfactcory Report (UR), AFTO 29  Work to Be Done Log, ADC 188
Failure Report Cards, DD 767 Putlure Report Card, DD 787

These forms were acreened and cross-checksr with each other to obtain a3
accurate and guantitative data as possible. In some Lnstanoes, informa-
tion recordad an rne foym wae 2milisd o e vidmr.  WurSUIONS arising
during the proveising were referrel Lc (e maintenance persomnel for
tlavificzstion. In general, inforwatinn was more complete from the Rader

Section, since thuy cre required to comploie daily logs.

3.2.2 3hort Term Measurement of Equipment Eavirvoment - The two mest oo
important enviromment lactors beiisved to influence ground equipmsnt o

reliability are internal ambient temperatwrw and line voltaye level and
variatt n. Accordingly, ceutinuous momitoring of thess values vas
obtainnd for several days on sach equipment. Use of grarh recurders made
it possible to estsblisn a definite time reletion betwsen rquipneni tame
perature cnaneaa ez ool TDoucaetais wioac e, s, vt s OR tine,
i wwe case of W CRC-27. Wis wad scomPlished Uy mmvey Yov.nuasy.
paper on each paorder (the equnipren’ temperature refordss; yoed st an
aqual rate of speed, Startine iima and dsts of pach mearuswasnt was noted
on the chart aper to enablie correlation t¢ he made betyesr sach type of
cquizent.  Kach recorder was xonitored throuphout ‘he duy it¢ Insure
vropes operation. No specifie riod of btime was allotted for the re-
ca-ding of tbe various pararmeers, houvover, forty hours of recording provad
o be adequat: to provide sufficlent ininvralinn,

1.2.2.% Temperature Me sur -t - During the reliability prediction
pnasa of the prezram, intsa .1l eguiument temperstures ware monitored ot
many pointe thoourhout ihe acvioment during typical operati. g aoden,

Yoy the field program (1 w1 felt that a sinrle measuremsnt of exhauat
air temperaturs whald be suSficient o satiglactor; correlation tdth the
pPedisgdon pad v hagratory to L nenearehents. The taxper ture ;easurement.

L2 il

yo—y Fomnpy forpy
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was made by placing 8 copper constantan thermocouple, size number 2l

_or 25, in the exhavst air stream of the transmitter and the wire oon-

nected to a strip chart recorder to register continwous tamperatuce
reading. Thermx) measurements on the FFS~3 and GPX-20 presented aomwe
diffioultios since some of vhe squipment was located on a towsr mounted
votating antemma. Recording devices pratected by z weather cover wers
mounted on the rotating section. Checka could only be made whun it was
convanient for the operatiig arv! maintenance section to stop the rotating

antunna,

3.2.2.2 ling Voltage Measurwmant - This was ohtained by use of 3 oon-
timious feed atrip chart recordsar using a center pen and two adge marking
pena. To provids the propor voltage for the center psn, a dropping
resistor and a roctifier was inserted in series with instrurcn: AC power
sourca to alisu 'for t1e sen's one millj wp movenent. One side marking
nen was used to record powsr ON condition and the other carrier ON con-
dition for the ORC-27. This was accomplished by connecting each to tne
appropriate relay circuit in the transmitter.

3.2.3 Llory Ran~e Coitrolled Data Collection - The purposs of the long
range progr n was to cofloct.t'laiﬁ information on equipment performance,
fallures, aainteanance action, time, temperatrrs and weaztner conditions
and any oluar ‘nformation that might affect observed reliability, Tuiis
propran 3+ carried on by the Site kneimesr, section enginesrs and
military ma i %°2ce raerscwnel. About ten months of continuous reporting
on asach aquipmz1t at each sits was performed, Specially prepared log
sheets were pre-ided *r insure reporting of sufficient detail to anable
subsequent en;ineering ~valuation and class:fication of observations.
Typical forrs used are contzinec in Awpeadix il e¢f this report. There
were three t »es ol forms uue -t

a. Dbaily lor - to recora all maintenance actiun, [{a2ilire. and
thelr descrintion, time and sther pertisenl vuservavions.

b. Meter Chacks - to record the moasured valua o7 tho key equ.p-
ment operating parametors on a dsily basis., (Jince the critera
o! adenuats ©erfol macee was ba.ed on observea measurements of
the majur equi;ment overating charactevistics, these messurements
axd the infrrnation recorded on the vaily Lo tormed the basis
for failure inter~retation and classification.)

c. nelative Humidity and Pesweearapes '1ily Loy

stned nime cptere ape Cepstalitad g the THEL Y agu waats to pecord

Bemod ded s e = e T im e, epen mete s were ths 115
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‘a# S mﬁfum Time metors ward pot od
for tha BmMoh«m;onb&nhummmm
stutivol-unis. :

%3 Gopues of the Pisld Nregrm

33.1 Pl « Prior to eslection of the AGLY sitie
vﬁ% m tho Central Air Defense Force head-
Wp nen necenmary. The status of all equipnihia snd tweir availe-
binv!&o%mdcm. The progras A" ghch site wao artivated
by u ileld enginsering team comsisting of one onginmer sad ome techniviwi,
mﬂh&mﬂmmﬂmNMMWMW

s .

3.3.2 W~ The key personnel at each sile
were brie on program . This included an explenation of
the goals, the procedures usod, and the namssaawy swsnawt manuwissd 250
whem. naintenasice section heads were giwen a thormgh briefing on the
procedures required of them during the controllied data collection phase.
This was completad as soon &8 possible on arrival at the site =o thet
the controlled dats collection phsse cculd be supervised during the
infermetionsl and rmaas+; ement phesss. Inatruction sheats ezvlsining
the required entries and proper procedures %o follow were distributed to
both sections, The data feedback system is shown in Mgure 1, "Failure
Data Pasdhazk®. In gccordonce with the program, Air Foroe maintenauce
persomnel complsted the logs. The logs were then collscted by the RCA
teshnical representatives, soreensd and submitted 4o the gite enyineer,
After a psneral inspsction ”or completeness, the logs were forwarded to
the RCA ReliaLility Ressarcn Projects Ufiice,

3.3.3 Obtsininz the Dats - In gamvu, data pertinent to the u.surement
cf z'au\aiuhty of eact 3quipment was ol tained in three ways:

3, From exieting legs, tachnicsl orders, and other forms kept
By the equadren,

b, Prom formal and infor2l convarsitlon with personnsl respons
8 't:le for operation and maintenance of the equipmant,

c. Jrom yract ohssrvation ~f existiiy cond:ibioas,

1n: general irfarmating and ehart t2im reasnuieeent phases dascriled in
SnCTiun 1.8 dhove warg poramplichad wipolteoenly. Uupimg At Iatéoy
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portion of the site visit the long-range data collaction phase (3.2.3)
wes begun. Theru werc some problems regarding the long-range data
collection phase that could not te resolved until the propram had besn
in cperaiion s sufficient time to roveal questicnable areas. Umissions
in the log fomms, f{or exsmple, soon appesred. These problem aress were
rescived through continued correapondencs with the s.te engineer.

3.3.k Cenara) Aspects of Field Data Collection - There is much valuable
information ﬁﬁisﬁo In the fisld whizh normally dees not reach in-
tarested agencies through tne present reporting meihnda {i.c. UR's shd
9D 787 Failure deport Cards). Due %o the variety and quantity of paper
work required from maintenance sections at. each siés, cnly the minime
amount of information is suppiisi. This often results iz incomplete
failure dusoriptinn., The cass for the maintenance man ip justified in
mny respsci,s aince his pricary interest is te acnosplish a thorwegh

and rapid repaiy of the equipssnt wlenewsr a fellure occurs. The complete~
ness of friiuwde foras im of littls aignificance {o him, since, once thsg
dats leaveg the site, resuits obtained from ihe dats ie almost never msds
knogwn to thosa criginating the information. Field nersonnsl ran he in-
spired 4O impivuve guality ot equipcent failure reports by including them
in the results of variouz studies, recmndaticns, ete, vesulting Lo
the. arslysis of the failuvio dat:., Thir can only bs done if an adequaie
faedback system ia established hetseen the field and various agenclea
appraising the data collocted from such a program. During the conduct
of the program describsd here, coples of all wonthly latier progress
reports and Interim Engineering reoportés havs bsen furnished tc sach gite
te halp instill a fesling of participation snd interesi in the projsct.

4. METHODS OF DATA REDUCTION AND AMALYSIS

k.l Cliasification of Types of D:ia - Tae information collectsd during
the 2hre: -phaae ProCTam descriced in sections 3.2 is of two broad calaue
gories: (1) information about &he site and squlpment enviromwwend, waine
tenance policy and practics, ajultie:rt history and usage, poreonnel data,
ate., and (2) abservations of equipment periormance, feilures and thair
description and the meinwenance sction performed.

413 General Site ari Jv, peent Informstion - Tha data of b1 (1)
above wii) 06 UnAf L0 COM.GRe MeARuremeEnts bl twaen equimmanta awl gltas,
to eorreinte prodictlon and Inhoyatory reoults with {ield obrervutions
art £ detaraire the nalne modifying Facliors between inherent equip-
went realiability ond that Jevel aetually achieved in sarvice us0, In
sencrnt, Lhia information 18 not sultahle {ar auiomatic processiag-.
will be presented in the final report of thin ntuly whers all el
bility prediction:, trst renalls, et Fleld roavueaunie 24 1) vy sos
marinad,

I




L,1.7 Pailure Data and Maintenance Action - The specific failure data
and maintonzace action of L.l (2 abowm has been collected for a period
of rearly one year since the beginning of the field program., Past.

data, taken from site logs eznd other foms daseribed in section 3.2,
covared a pericd of approximately one year prior to start of the spucial
field study. ‘his data will be used tp refins part fallure rates

whick are basfc to the prediction method. It will also be used in
detarmine logistic support roquirements. Since all factors necegsary

to a relishility eatimate were not known during the periocd reprssentsd
by the past data, it will not te used in the reliability caloulation.

. The precant data, coliscted since the start of the fisll! study, thersfore,
will form the basis for determination of equipment reliebiiity, The
pest and present data includes about 7000 rerlacements ar ! mirus
automatic machine processing for maximuwm access.

4.2 Tallure Clessification and Interpretation

bL.2.1 Classification - Every sffort was made to select only those

primary failures responsible for equipment malfunction in the calcula=~
tion of equipment reliability., These are the szc called *trus random
failures”. In complex squipme.t composed of many clas. i and subclasses
of paris having diverse failure rates as wall as miwxed ages of service,

it can be expected and, in fact, hag been demonstrated, that the aggregate
fgiluye rate of these parts will tend to Le random in nature, The slussi-
Pication of failures is further described below under nine convenient
types. In the examinaticn of past history data only a rough interpreta-
tion of the nature of the failures was possible. 3y careful analysis of
the daily log sheets obtained during the controlled datz cullection phase
of the program {present failure data) it wasz possibla to determime in
mogt instances which replaced parts wire frue random Tailures. This

war ccomplished by considering the type of meinienance performed
{seheduled or unscheduled), the nattre of tha failure (rapid deteriora-
tion of a key operation characteriatir, etc.), operating time of the
part prior Lo replacement, etc. Some spocific equipment puidelines

used in the interpretation of fzilure data are given in subsequent
paragrspns, Fallores wore prouped in accordance with tire following
peneral failure ¢lassifications:

Type 1 True Handem Failures - Thoge faiiures, primarily responsible
for equipment mzl{onction, that occur within the oporation tims period
after elimination of desipn defeccs and ursound parts and before the
occurrenae of known weirout phenomens me olassed as Type 1. Any
fitures th-t en Juztifishly be arsipoed to onc of the other eipht
cataporiens =hould ach be gonsiderend random failwres, An exrmple of

& Type 1 failure is the random "open® oecurriry in a recistor wire
aftor several bundred hours oprration.
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v 2 Depentant Tetluiss 3

(a} &cia_._lﬁd-_x:( I"ailures ~ When parts fail 28 a dluct result of

’ ure ocourring in some adiacent part, the secondsry
Satiores are classificd as dapnndont. It 15 cosmon practice
to search for saricie overstresaing of ascociated purts when
2 failurs occurs, Sound maintanance practices anticipats
this and replace parts in related groups wher¢ necessary to
bring the equipment back 4o ite initial state of readiness.

. Only the primsry part failurs can bs included as a random

indepertdent {ailvre’'in accordancs with the exponential failure
model used for reliability measeurement.

(b) Paraliel Fsilures - These failures are not secondary failures
as we have dafinad them nor ars they true randma failures.
They will nol result in an immediats or imminent malfunction
of the eauirmeont, 006 Cuwin Les’ duiiw & paraiiel railurs by
giving examples:

- 1. A meter failure that does not result in equipment
nmalfunction.

2. A portion of squipment that is not used under the
. preseni operating conditions but might be nzed with
other pisaes of equipment.

Type 3 Wearcut Failures - Fatlures which can be avoided by prewen-
tive maintsnance In accordance with a pnz;crioed schedule, ZXZxamplesn
of part types which £311 into this cstegory during the useful life of
the squipmant =re vibrators, rapid action relays, blowsrs, motors and
certain generai and speclal purpese tubes, .

Typa k Initial Defectives - Parts which are not representative of

the normal quality in that they contain defects or abnormal wealknesses
which result in their aarly failure. These parts can occasionally

be picked up during inspectlon, but ars usuzlly detected during the
early houra of equipment opesrabion, commonly referred to as the de-
bugging pericd. As the dufuctive paris are replsced by normally good
ones the total population of initial defectives decreases exponentially.

Typs § FPurformance Deterioration ~ The drift which cocurs in psrts
under atress can causs an accumulation of tolsrances to the point
where margina! oparation is observed. Such "maltnncrions® are not
eqi ment ootepsg bul bave a naricusiess dirscily controlled bty the
scheiuts of r“Justvxenbs providst as pn-d of the dasizn intsnt, On
this baerls, o 2:vad p ,,a, fmmm Joteriocation will constitats a

wre o oan 2
dvnn wondom Eodlg Rty 1P s oo g ad oF cehraul.
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Type & Hon-Operational Defects - Thess include parts which are re~
placed becanse of defects not affecting the sctuval operation of the
aystenm, Examples include manual controls which are veplaced because
they .are difficult 4o opsrute (a stiff potenticmster) or the replace-
meut of 8 tube with a cracked phenolic base while the tube ocontinued
vo perform satisfastorily.

Type 7 Workwanship Items ~ Thezs resuit f.om incorrect factory fabe
rication, assembly o processing of elactronic parts, subasasmhlies,
wirss, mechanisme, etc. Sound factory techniques have demonstrated
the ability to reducq zuch .ailures to a very low residus, through
proper testing and inspaciion., Therefore, they are omitted from
roliability prvdictions, Thess items includ.. chance uamage caused
by parsonnel during testing and trouble sheoting, solder spill-over,
inadecmate dressing of wlies, suvratches of panels, ete.

Type 8 Desipn Changes - These are replacements of types of parts
or significant changes in the design introduced to schieve a higher
perfarmance capability or reliabilily level but not directly based
upon evidence of failure otcurvence.

Tyne 9 Pesiym Error Failures - ¥When equipment salfunctions oocur
repeatedly and can be Sraced to a specific fanlty desigm, it is assused
that corrective action will be farthcoming. Such failures are a
natural part of debupping the design, just as iniwially defective
parts are debugred in the manufaciuring orocess.

Some comments on the above classification are appropriate here. It can
be anticipated that classifica%ion of falluree is not easily sccemplished,
Some knowledge of the equipment, i%: operation and maintenancs is essen-
tiel. For example, the squipments ztudied have been operational for a.
pumbar of years. Due to constani replacements the ares of +ha vurious
parts are well mixod., Wearout fallures and performance dnterioration
will appear more or leas randomly. Since it is not a practice of CAUF

to keep a record of the asves of &ll parts, it {8 not always possible to
distinruish between performance deterioration, wearout and true random
failvres. Uenarally, when parts were replaced during preventive maln-
tenanes to optimize squipment rorformsanca or to replace ilews suspectad
of impending fallure, these it'ms were arslrnud a Type % or 5 c¢lageifi-
eation, fowever, primary fatlurss that were not snilcipated end resultied
in non-scheduled mainterance to -antore oquipment te satiefactory opera-
tion, verr plvimn tho Type L clagsification. Some wearcub iiems avre
unavoldably included.

2.9 Faile uIe Puaen . b ol r i1 {"2"7‘1 'alnwmm«,u vind Uperatios [
lmcm]edrc “of tha wvu]xw'mun of maintenanns p; eritas and amirasag



operation is essential in the vlassification of equipment failures.
Experience in the field by the engineers carrying out the field relia-
bility study on equipment included in the program made it possible to
develop part failure interpretation ajds for sach equipment typa.
Specific considerationy for each squipment are listed in the following
paragraphs: '

2,21 AN/FPS-3/MFS=1

a. It ia often a practice to perfor: maintenance on Indicator
0A-175 only vhen a major equipment failnre occurs. At this
time the unit is replaced with 2 spare wit if major main-
tanance is nccessary,

b, Total fallures from 211 indicators wers considered to reach a
mean life since the number of iidicators varies from site to

’s
odese

¢, The failure of R-3740 and R-37hl associated with V-3705 and
V-3706 éhn AM-389 is normally caused by ths failure of V-3703
or v‘37 .

d, Any items listed av being burned out under preventive maine
tenancu, shuuld, if an indepundent failure, be claimified as
‘the tris random type and as having occurred during a non-
schediled maintenence period.

®, - Where a TR tube is indicated as burned out and is replecsd
during a preventive maintonance period along with a recsiver
crysial, the TR tubs should ba considered the true random failure
which occurred pricr du the preventive maintenance period and .
the cryastal a dependsnt fatlire. Receiver crystal failvres will
only be considered aa the trus random tvom il the failures ars
indspendent, (Note - The repeatad raferencs to failures nccur-
ring during a scheduled maintenance poariod has besn brought about
by a diverrified mainilenance schedule followed in several areas
of CADF, Tois method allows for maintenance scnedules to be
generated from rite lavel. When 4 failvre 1s evidont s main.
tenangs pericd iy emrsllwant,ed and classified ua » pcheduled
maintanancs poriod TALhRY Lhan tha “rhﬂm ¢lasgification of non-
scheduled maintemmce. This eyotem apmies %o the radar equip-
ment ),

AHSGRC-27

a. YWhere lor entrien f£ail teo Indiecate whethor a repair was accome




o U8

—

- s
-y

"o

b.

plished durine a scheduled or non-scheduled maintenance pariui,
it will be assuwmed that the failur- occurrro during a none
scheduled maintenince neriod.

Tube types LX1E0 and 2C39, replaced during a scheduled or non-
scheduled majnienance period, must be closely screened to deter-
mine whether the failure should be clussified as a true failure
or a wearout fa_lure. The length of wime that elapsed since the
previous failure was considered in the classification.

he2.2.3  ANFGPX-20

.

b'

Ce

The system includes two AN/UPX-6 TX-RX units and one KY-5); coder
unit, One AN/UPX-6 unit is vused as a spare to be interchanged
periodicatly or in event ot a vnit failure.

A close check must be made to determine the proper reason ror
an AN/UPX-6 unit replacement.

It, 1s a normal practice to perform maintenance on the KY-Sj
coder only when a fallure occurs.

242,07 A11 Fquipments « Where tubes are replaced during a scheduled
maintenance period the numbsr of operating hours which each tube had

- scoumulated was esiimated to provide information on wearout.

L,3 Physical Aspects of Dara Handlinp

2
LA ]

ranted the ure of machine processing to reduce and, to an extent, analyus

General - The quantity of fallures vbtained from the field war-

the data. Fipure 2, "Failure Data Reduetion and Ana]ysxs Process",
illustrates the step® necessary to acquire usable information from the’
ravw data.

L.3.2 Failure liata Accounting and Sereaning - Honipments from which
failure dafa war obtained were assipped a i-meclcal Jdentifier ecde.

Site and ecuipment identifierg are ochowm in Taklz 1,

Coding, Fianld Brliability Study", Hneb.equipmant_failure was Lhen
processzed with the site identifier and eavdtemeni. identifier, Fallurs
dats was taken froun the lops, which had been processed as shiown in
Figure 1, and ccreered for errpleiencss. Where thore were onissions on
the lop shects, ihe sito engineer oripinating them was notified of the
discrepancy and requested to supply tha missing info.mation,

"Sise and Lguipment

13



i ~ -
Aeom e e o et e e . -
IS ., - pa v
- R . I
%’ I T .
t o
i _ . ) .
i . st .. . ke - * o
: v et
. Fatlura Dats from S s
’ Fin1d Instlllations
¥ailure Uata Failure
Classification
Accounting & Screening &
- Tabulation
l r & -
ACAW Siba P
Enginger {achine
Processing
. Technical
“Editing
¥ ~
Statlstical Engineeing
Analysia Analya 8
Tachnical Appraisal
teport
FIGURE 2 FATLIMAG DAPA BIIMO T ANDAYALYSIS PRLTRES



-3

e

---—--n—-:m-n_t—imhqr-—-hmi

g

st

o - 3 ok -
‘) " & yoe w
. 4 Ty 7’ ‘q}\ ﬁ 1'-;‘:*;“";:' B
o ) ) »;. .- e b
. R ¥ %_ Q o
il - n ‘R'
T . TABLE 2 ; &
e - -
& " SITE AND EQUIFMENT CODING
» . YOR FRLD !NLIASILITY STunY ne
.
’ Equipment
Siie No, Set_ No. Nomenclature
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1 > 2 AN/GRC-27
3 AN/FPS-3
L AN/GPX-20
I S AN/GRC~27
. 7 AN/GRC-27
2 8 AN/MPS.7
9 AN/GPX-20
LTI AN/GRR-7 & AN/GRT-3
* 1 AN/GRC.2Z7
12 AN/GRC-27
3 Xz 13- AN/GRR~7 & AN/ORT-3
‘ 1L AN/MPS~7 :
15 AN/GPX.20
% 16  AN/GRC-27
. 17 AK/GRC~27
l w18 AN/GRR-T & Aii/GRT~3
19 AN/NPS-T
20 ANfOPX-20
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b,3.3 Failure Classification and Tabulation

h.3.3.1 Qeneral - The failure classification and tabulation staga of
data processing was one of the most important steps in the reduction_
and analysie of field data., A careful smgineering snelywis was made
of cach failure znd thecze failures assigned te one of the failure
classifications outlined in paragraph L.2. The daily reccord of readings
of the important equipment alactrical paraneters was corsulted; where
necessary, to properly classify the cbservation.

L.3.3.2 Tsbulation Sheet - The failure information was coded and
transferred to & tabulation worksheet, "USAF Ground Electroric Equip-
ment Failurs Report Tabulation Shaet®, Figure 3, The tabulaticn sheet
is necessary to insurs thet the raw dats is reduced to a form suitsble
for transter io the 1BM card. It is comprised of 80 colwmns with 22
£7oups WNIR Vieee woluwmes fur higvrmacion yegarding eacn observatioct.
The worksheets were then usad to tr ».sfer the informsiion to an B0
column electrical accounting machins card (shown in Figure L, "Field
Failure Report Card”,) Coding is usud on thes: worksheets to utilize
all the information pertsz’iing to each cbservation. A deseription of
each column group and the ¢ :dine used followas (refar ¢¢ Flgurs 3 for
column mmmbers): .

Raport Number (i) « Each failure was assigned an accounting mmber
for identification purposes, Each failure for a particular equip~
ment was nwibered in order of occurrance. Six spaces provided.

Late of Failure (2) - This is the date when the failure oceurred or
part was replaced as tndiented on the daily log sheets. The numevi-
cal aquivalent. of the month ond the last two digits of the yoar arc
usec following tha month-day-year sequence. Five spaces provided.

Circuit Symbol (_'3,) - This is the symhol used to idantily ithe psrt
in the squipment (i.e. V-1507, R-2118, ete.) Six sprcos provided,
two spasas for Tetier code nnd four spaces for number code.

aquipmen? part fatlure oririmited {oes Tabla 1).  Tun spaces are pioe
vided, ens boane an exira spece tor addiifonad slize,

Sita Muaer (h) - This is the site dosienstor number frow which the
eyt po

Ertesmi, _I:v_[-_g__(_‘}_)_ - The cause o nt Brpos are coded na Pollows,
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8 N + iVl L] (i
B - IS .
ot e “75.‘1’1’;-&@;‘-“. r
mgr:‘_’-. . K ®. © T
- ERAY A - : -
‘Type LEE e e
AE/PPS-) i
AR MNPS .7 Uy
AN/OR =27 02?7
AN/GF 20 X2
ANAPRR-7, CRT-3 - 673
Set Number (6) - Bach equiment 18 ¢ " so=¢ ga’ly (87e
wileh Ls assoclated with a given site. wr spie, sel Al
oAl de tramsloted from a master equipment st av ns. .ing oft -

Type Serial Vo, Man.S ¢ arerx

Te2iT7h : 154 Ralce

R-278 2029 Collins

MD.129 : 1026 Collins
Hﬁor Unit §72 - No codinc is reguired. 8ix spaces provided.
Agsegbly or Subassembly (8} - No coding mquired. Six - .cas_provided.
BYamk « This space is used to i1dentify types oif purts. See

Iopendis IYI, *Breakdown of Perte as & Class inio Various Subolasses”.

P N or Tubs 32 « Part nare

or tube dosipnator (i.e

» %uch as relav: , resistors,
. 6a%5, sto.) iu entered.

Part, Vendor (10) - The first three letters of part m -facturer are

uased,
the first letter of esach word is used.

sgru Im]entﬁi__or Trouble (11) « The first indication of trouble is
]

scr ¥ one of the Toll-wing coda
Code
1

ore the name Of the manufacturer consists of Lwo or more words,

Three spaces rrovided.

Imscription

Inaperative
Inteimittent

law Farformance
Retay

UIL Fisquency
Out ot Adjustmant
Ovarbeating

e taie g

Delhag g




' W}%}w 12) - One of the following codes indicates
AR ~{he equirment caused by the failure:
e b Wan 9% \
{1) Code 1 - Equifment operating with reduced capabilities due
to this fatlure.
(2) Code 2 - The equipment out of commission due to this failure.

(3) Code 3 - The equipment operating without any reduced capa-
bilitics dus to this failure. One space ie provided.

Pown Time (13) - T™he recorded duration in hours and tenths that the
was inoperative during an operational condition. Three

spaces providad.
ﬁ‘ air Time (1) - This ie tn- zciwal time rmuired io ropair s
allure bouzs and tenths. Three spaces provided,
Carrier g or %% ON Tims (1S) - This is the cumulative reading in
ours of & p@ﬂoa Eurfng ixh the transmitier is radiating. Five
spaces rroy” i,
%&? Time (16) - This ie the rezding in hours ot equipmen:

SWme Svwam the ¢ of the cuntrciled data collection phasu of the
prograx: Five spaces provided,

in Service (17) - Thiy e the time, to the neazrest hour,

tha part func prinr to removal or repair. Five spaces

provided.

Was Replscrment Part Avatisble (18) - Tha entry here is y (yes) or
n {no}. One spuce {s provided. :

Pailure Description (19) - This area is broken down into three de-
pendais s04tions considered necesmary to fMully descrive failures. The
entire succoss of the field progran is dependent on a complete avalu-
ation in this section. Tha asectinns arc uroken covn for both past and
present data. The s2ctions are coded nuwmarically in the followiny
manner:

A. Type of Heolacement - Oue :pace oroviaed,

Past Datas Precsnt Data
1. Non-chedulad rapiacnment 1. Honeschndniad noried
7. Prevontive matntensnee 2. Pretcisive snatntenancs

pariod poriod

. — -y f P— P——Y v——— P |

Y
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8, Czatapory - Ona 3pace provided,

Past Duts | Presant Data
1. Blectrical, slectronic, 3. Elestrical replacemsat
slectro-mechanical b Blectrical adjustment

2. Mschanical ’ 5.. Eleotricel repair
. 6. Mechanimy) rerlacemant
7. Hz-ianteal adjuptment
" 0. Mechanical repatr ‘
9+ Urit veplacenent

C. Description - Gne space providaed,

Paast Data .. Prasent Data

i1+ True ranaom railuve 1. Teas rondonm fallure
2. Performance deterioration 2, Dopandunt faljure
{rapicd) ). Wearcut Tailure

3. Equipment malfunctlon cor. L. Perforaiuce deterioration
recied by unit replacement 5. WNon-oparational failyre

u« Equippent malfunciion core 6, Othars - deseribe in detail
rected by adjustmant (damage, overhaul team,

5. Weasrout faflure wodification, <ta,)

6. Non-operational failure

7. Dependent failure

8. Other - deseribs in detail

Nots: [t will ba raticed that ihe failare daseription here doas not
gxactly follow the pereral classiiiostion given in seciion 4.2. The
¥wdB0N im that certain types such as #orkmanship iiems, design errors,
or chanres, and initial defeetives do not frequently apply to mature.
dobupred equipmant {n the field, i Fisce of these infrequent itesms,
2 code nuwbar 6 on tha present data and 8 on the paat, data, "Othara”,
tx used. This calls fer a tratler card to fully explain the entry;
this {8 aleo printed on the run-off gheets. T™e deacription of
fatlure types prassnted in section L.2 i3 tntended as o feneral guiae
for use aa appropriste on any equipmeni at any stage in it dunign -
preduction-use eynla,

Typeo of Fatlurea (20) « ¥ailupe WP03 ire those described by the
standare Alr Force code list uescribing various types of falluren and
utnd with the 1 777 forma,  Three Apacdd proided,

Yast. or Prasant, Dat1 (21] « Observaticas are coded with a vre (1) o
Tnate te thay have Foan takon from nast history log shests and two {2)

Lo fadicatn mrannas - aee coaa o Tge pruvanen.
Card Nusney (‘)_?) = One epl1actrical ncconntine maeiiina aned i- e

SRLLLEIONG O AYMIAN & e e Tnoanah e "ivallinr gart ya
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nnd. Failume informatiin plased on these cards is not coded.
mm oarl end ey "traller cards” are coded mwmrigally in
m ™he Mgt Number, calawn 1, whioh appears on the original
sord £ emtgred g vesh “traller curd® for WW

°&' m# mw

mm owl(hgm h!bymote':qpmahmchim The infor-
sdtida 1s (n the fom of holes, which permit the card to be seused by
olectrioal circits of the ~orilng and tedulstion equipment., The zards,
whan poiwhed , sve uurm, sovtcd 3ho tabulated by additional mechine

praosssing.
ki3S Teshnioal Bat *( a2 - Po insurs RS SILUTAlLY- et conalstency of
ail dats puNing Shrowegh tha setisticual system, technical editing ie

acoomplishac by means of & test tabulatinn, The test tabulstion reveals
ingonsiadancies in umee or l.qu.e or omlgaions nf data.

L.k StatisSical Amm o

h L1 SoriAng - Prior % machira tabulaiion or Tun-cff, the cards must

nto some donvenlent snd logicel eequeance. Sorting, s machine
pmal, wugy be made by -quiwmt type, by location, by part repleced,
by failure cause, or any of g large NURAser of ways) thw port may inelude
principal and minor » .nga. For this study & total of eight separate
8arie woTe BALA L3 puamal naximum availability of data. The acrts are
swmarived halow:

Past and Present Data in Sequanoce

1. By chronolopical date of fatlure
2¢ Px clvenit Lywmrol and dote of fallure
3 Ey nart deserip*i'an within major part cateporiss

Frasent, Data {n Sequence

b. By time taterval For trus randor failures

5. Bv veillure dascription (wewaront, dspendent, true random, stc.)
6 By down tims for gach ansembly and/or major unit

. ')y repair Lima Tor oach . iamhly and major unit

. By % agamitbapecont 4, 2

L2 Shatistical summary or Hun-0ff TanuftiGun - fipuid 5, “Sraple
T HunBFT ARant T, Ta an Loduatyrsian 0 o ceet Lo oF g e il macninn
Tun-nf that war maden ree tha cor L0 sards,  Tha rari e gbown here ig
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& portion of sort #2, described in the preceding paragraph., The dats .
presented is from the AN/FPS-3 at Site 1. The data is tutalsd by equip-
ment groups and subilotnind by ausemdblizs and clrcuit gymbola. True
randam failures are indicatad by a ¢ eign, and totaled aceording te
circuit symbol. For exampla, there were three trua random feilures out
of a total of five replacemants of part V0522 located in ssssmbly PP.552
of Oroug OA-17% of the AN/FP5.3, .The principal results of the field
observation program are derived from theas run-of{ sheeta.

bolied le Pressntation of Data - Statistical sumaries of the essen-
tial t ure, replacement, and malntenance data ave presented in the
following tables (ref. Pigure 5):

Tadle 2 - "RBgplacemants and True Random Failures by Major Part
Categoriss for AN/FPS.3, Site 1%, The tota)l number of true random
failures by part category ie obtained in thia tyme of vmmenff by
23 up W1l Lie subtotals of trus randca failures sppearing under
eokm growe. 3, "CRT SIM“. The total number of replacements by part
categary ia cbvalned by sdding the subtotal figure which asppeers
under column 20, "TYFE PALL",

Table 3 - "Total Replacements, Trus Random Failures and Maintenance
Time by Groups for AN/PPS-3, Site 1. The data extractad by najor
equipment groups is presented herw. 1t is obtained from column
group 7, "MAJ UNITY. Down time and repair tise come from colimn
groups 13 and 1k.

Table L - "Failure Description by Major Part Categoriss for AN/FP5-3,
3ite 1". A summary of replacements by failure description ir obtained
from column group 19, “FAIL PCD". The numbara l-f .wfar to ths falilure
description. .

li.sol Estiznate of Equipmant Reliabilicy - From the data presented above,
the 1011abliity of Kﬁ??gg-‘) at Site 1 may be estinated:
Total Opecating Time (T) = 6199 hours

Total True Random Failures (F) = 11%
Estimate of Equipment Mean Life (M) « ;1‘, - 6EW * 56 nours
3 1

Figurss 6, "Probability Limits for the Poisson Distribution", shows that
the estimated maan life is between 6399 and 5399 or L8 to 65 hours,
2 132



© TSARLR 2

REPLACEMENTS AND TRUE RANDOM PAILURES 1Y

-

MAJOR PART CATEGORIES POR AN/FPS.3, SITE 1¢ . C o o
Circuil Total Total True

Fart Ceategory Symbol Replaowments Bendom Fajlores
 Tulmn, Specinl v by s

Tubes, Heceiving v 151 36

Reaintors R 15 7

Capecitors c 2 2

N-type Crystals CR -63 9

Coils L 2 1

Connectors J S 1

Cables W 9 ?

Svitches S 1 1

Reluya K 1 1

Transformars T 2 1

Cavities A 3 1

Pilters A @

Naary NF. ] 1

Blewsraiainga ! 1

Terminals £ 2 1

Total 198 1s

* For revorting period 28 March through 31 December 1957
Total operatinpg time 6399 hours
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r PABLE 3
TOTAL REPLACEMENTS, TRUE RANDOM FAILUBES, AND ,
FAINRNANGE, TRME BY GROUPS.POR -AR/FPS<), SITR: 14. -
Total
Groups Replacements
Oonerator OA-17L s
Indtcator 0A-175 1,

{ Coniroli OA-179 6 b 1.3 1.2
Receiver OA-318 50 19 20:0 16,0
Blanksr Indicator OA-319 1 1 2.0 .5

Tr.usmitter OA-398 193 L7 180,7 6.7

{f,ntmh AB-180 .2 1 1.5 .9

Miscellunscus 1 0 A4 A
392 115 258.0 . l 151,50

Totals

* Por reportins peridd 28 March trrough 31 Cecembar 1957

Total operating time 6399 hours
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TABLEZ 4

“PAILURE DESCRTPTION BY:-MAJOR PART
CATEDORIES FOR AN/PPS.3, SITE 1#

Parts

e ————— e Sl ATy

Pailure Description - Oolumn S

Part
Symbol

N 5

4

—iseomtar .

Tubes
Resistors
Capacitors
Notype Crystals
ils
Cannectore
Cablus
Sl tai.cn
Relays
Transformar.
Cavities
Filters
Oears
Blower-Motors
‘farminal
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398

&  For reportiay period 28 March through J1 December 1957
Total opérating time 6399 hours
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L.5 Engineering Analysis - Thare are a number of profitable ways by
which the data ean be further analyzed from the comnlete and detailed
summaries provided by the run-off tatulations. For example:

(1) Which classes or subclasses cf parts represent the highest
fallure contribution on sach equipmesnt?

(2) wWnich Individual circuit elements within classes have the
highest failure rates?

(3) Wnare are the most significant part migsapplicationa?

(L) What items or areas ancount for tha largest amount of main-
epance time?

(S) Wnat items account for the largest portions of mmnort ccst?

Theasa 1iame are —Adbindly Gupus Wanue.  HOWRYeT, the wmain purpuse of the
entire predicticn study 13 to perfect a prediction technique which will
~~orrelals reasonably well wikh yield observation. The emphasie is,

thu»afore, not on how existing equipment can be improved, important as
this cay be, but rather hoW ¢an urv squipments be desipned and produced
with g high operctional reliabi 1, and with a minlmun of tae ills that

plague our greseut day operational ejuipments.

b.S.1 The Arliability Punction - Basic t. the measurement and correls-
tion of field reilability with prediction or tost resul.s are the asaump-
tions made in tne fisld messurwment, One of the principal sss' ptions
made 31 vresenting the relisbility estimate of pararraph L.L.L abeve 18
that the maovipment failure rate is conziant » the occurrence of fzilures
is dlstributed as a Polegsen, If the failure rate increases or decreasas
with time, or if failores ave ymnaturslly Liuebhred, iho above estlmate
is probably not the best measure of equipment reliability, 7t la,
theve!{.re, necessary to test the assumptiove of congtunt failure oceoura
renice, The following test is an example cf the englnesring analyale
Wiat wil? be perfommed on each equipment af. exch siim to determine ihe
valldity of the reliabillity measurement.

L.S.2 The Xolmnporcv-Smirnov Test - Table 8, "Obsrrved and Theoretlzal
Reliab!l litﬁuucbmns Tor AR/FP3<3, 51te 1", presents the datas of Table 2
in a Alficrens form. A run-ofy tabul.tion smilsr to that ahown in
Figure S, but arrenged by date of fallure was Tapared. rrom this tab,
the interva’s bhetween true randon fajlures were obtainad, Thesee *"‘-fn
vals are zocustlated n the Firat two columns of Tl,le ¢, The roarg
-otuan phowe tuorbotive Lrobablility,  Jhe fourth column presents tlie
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TABLE 5

OBSERVED AND THEORETICAL RELIABILITY
FRICIIONS FOR AN/FPS-3, SITE 1%

Absolute
Difference
Betwaen
Obsei sl anyt
Expected Prob.

Intezval
Be tween Feilures Probability Expected
Fatluree (Hrs) (Comulative) (Cumulative) Probability (e &5)
3 or more 115 1.00 1.000
20 or more an .70 077
LD or more 55 A 86
60 or more uo 35 + 340
80 or more 3 .26 .237
100 or more 2L ) .165
120 or more 23 : 20 .116
140 or more 20 .17 .080
162 or more 16 .1k 059
200 ov more 9 .08 .027
220 or more 7 .06 019
2L0 or more 7 .05 013
260 or more 7 «06 .010

.m
.003
006
.010
.023
-als
« 08l

# Obgerved “ailwrss for reporting period ¢8 March through 31 Uecember 1957.
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theoretical probubilities of fallure occurrence within tl: intervals
listed, asmuming n mean time Lo Jailure of §5.5 hours, The last column
shows differcnces betwean theoretical and observed values. Thie infor-
mation 19 shown graphically in *jure 7, "Observed and Thooretical

- Relisbdlity Punction for AN/FPS-J, Site 1",

e Kolmogorov-Smirnov, or D Test as it is mometimes calied, is performed
88 follows:

(1) Rafer to Table 5 and select the largest absolute difference
between the observed and expected probahbility. From the table,
the largest value iz .09,

(2) Refar to Table §, "Critical Values of I in the Kolmogorov~
Smirrov One-Sample 'l‘aat", and determine level of significance,
FO; 4 e of 142 SUBET vn@u.vam. D at the S{ lavel s
1.3.6/“%{ .127. BEven at the 20% level D = .10

(3) From this test, by comparing these valuves with the .09 value
in (1) above, it i3 concluded that the observed data fits the
exponential rurve reasonably well, The mean 1life eatimate
of 56 houra ia, therefore, a valid estimare of FI'S-3 relia-  ~ —_
bility at Site 1 over the perioed and under the conditions of

observation.
5. COWCLUSIONS AND HECCMMENDATIONS

The comparisons and correlations of prediction and laboratory test
results with field obssrvations is beyond the acops of this report
These findings will be contained in the fortheoming final report. The
tachniques of f'ield data c¢olleciion, veducticm and analysis have been
duscribed aud demoretcalad here in soae dat. 1. Fram this program, the
following conclusions ars derived: ‘

{1) Much valuable information associated with equipment desirn,
operation, maintenance and reliability can be obtained from
Air Force operational squadrona that is not nomally reported
in a manncy to permit ready access or valid interpretation.

{2) The methods described in this report constitute a practical
procedura ta speiLlipht and foenm elearly on the reliability
of pground electronic enmrrment in the natural environment and
vader the cnviitions of _ervice uae,

(3) Field persoanel are anaious to cooprrate in the collectlon
and feedbace of vital equicment operation and failure data.
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TABLE 6

CRITICAL VALUES QOF D IN 7HE
KOL}IOQOROV-SMIRNOY ONE~SAMPLE TaST#

Sample © Lewl of Significance for D = Maxtmm |Fo (X) - Sp (X)]
o 20 ] a5 | o % |
:.*.:F_—.:- —
5 k6 Al .510 .565 669
16 .322 W3L2 368 | .o 490
¥ e ,283 .30k .338 Lok
20 231 Leus T .2Gh 5k o 556
38 .18 a9 a0 .27
N I AT v r« '

# Extracted from Massey, F. J., Jr., 1551, The Kolmororov-Snirnov Test
for Goodness of ¥it, MJournal of American Statisiical Association”,
Vol. 16, p. 70, with peruission of the author znd publisher.
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s information fs extremsly valuable and can provide:the
migsing link botyeen .design concepts snd mature, rcliabla

sgquiment in the cumtody snd snviromment of the user. Feed-

back 15 a two-way struet; the value and quality of information
that comes from ‘he field depends to a large extent on the
degree to which iield personnel are included on the team and
can see roncreis resilts from their efforts.

The data collection’ in this field survey is an exceedingly
mall awmple, confined to operating aquadrons within the
Central Air Defense Force command. More camplets knowledge
of the sffects of envirorment, ussge, maintenance and logistic
support on equipment mlinbility requires & repressntative
study of equipments ih other'Air Forte commands throughout

the world.

Although the program described here haz provided imvaluable
information toward the development. and refinement of a relia-
bility prediction method, it is admittsdly too axpensive to
apply routinely to all equipments in the [ield, However, it
is evident that some practical means must be found for routive,
vaiid measurrmant of relisbility on all tyoes of eguipment in
the field., This knowledge would provide a gauge or measure of
the reliability status on which inteiligent action of the maker
and user could be based,

The techniques of aquipment obsersation, data collection,
processing, and analysis for reliability measurement described
here ca2n be applied to tho study of other ~reas by similarly
focusirg atten*ton on the esrential underlying variables, For
axgmple, a stugy of maintzainabilitv and its effect on eyuipment
total cost and value to the uvser is an area thot urpontly ra-
quires increased atteation by Industyry and the Military today.
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APFENDIX I

BQUIPMENT AND SITE OENSRAL INFOIMATION QUESTIONNAIRE
INDEX

1. AGN Site Quastionnaire
2. Equipment ngstﬁonnaire
2.1 Major Opsrating Units :
2.2 Spares and Bench Stock
.3 vover dSource
2. Test Equipment
2.5 Gquipment -Opearation o~
2.6 Equipment Instructions
2.7 Remarks
2.8 Hiastory
3. Maintenance Procedures Ques.iomnaire

L. Section (Porsonnel) Questionnaire

37
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1.3

1. ACENW SITE QUESTIONNAIRE

Jenaral conditions surrouncing site (ss to populstion and terrain)

Urusual esvirormsntal conditions surrcunding site (flec. disture
bLances, “ature or otherwisae)

General location of acuipmant within the aite {AVen in reresds 4o

othar slectrozic equipment)

Type of traffic handled 'light. medium, haavy) Explatin

Suppliy Adaquacy: a. Unit b. Tech . z. Depot

Explain -

Reaarys
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2.5 Equipment Operatlon
a. Technical Bequirements

b. Tacticsl Uee

-

2.6 Equipzent Instructlons
a. Tech. Orders (Are thuy kept up to date?)

b. Haintesanca tnd Oparatiossl Bandbooks (Ass they adequate?)__

¢e 0.J.7. Progrem (Is it satisiactory?)

d. Fomal Training gnn. Schools)

®. S.6.P.'5 {Sguadron Operating Policies)

2.7 Remarks . n -

T 1, ————— L . et 5,




2.8 History

a. Brief lescription

b. Present Operating Condition

c. Nodifications

Description T7,0. Autharization

Date Completed

d., Pravious Failure Data (See next page)

Ll
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Mlrmed Services Technical Information Agency

ARLINGTON HALL STATICON
ARLINGTON 12 VIRGINIA

——
FOR #
3
MICRO-CARD §
. %
CONTROL ONLY Z
Z

e Tammaarel =t

HROVICE: WHEN GOVERNMENT OR OTHRR DRAWINGS, SPECIFICATIONS OR UTHER DATA
FOR ANY PURPOSF OTEER THFAN IN CONNECTION WITH A DEFIN'TELY RELATED

GOVERNMENT PROCUREMEXNT OPSRATION, TUIE U. S. GOVLRNMENT THEREBY YNCURS

NO RESPOWNEIBILITY, §OR ANY OBLIGATION WHATS0T . ar; AND THE FACT THAT THE
GOVERNMENT MAY !'IAVE FORMULATED, PURKIRHED, OR IN ANY WAV SUPPLIRD TRE
S8ALD DRAWINGS, SPECIFIZATIONS, OR OTHER DATA 18 NOT TO BE EEGARDED BY
IMPLICATION OR OTHERWEIE 48 IN ANY MANNZR LICENSING TUE HOLDER OR ANY OTHER
PERSGHN OR CORFORATION, OR CONVEVING ANY RIGRTS OR FRIOMBIGH TO MANUYFAUTURE,
USE OP SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY l".!"‘ !-.F! ATEE: TUE m» TO B
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APPENDIX IIT

BREAKDOWN OF PARTS AS A CLASS

INTO VARIOUS SUBCLASSES

(As Coded for Mazhine Tabulation. in Secticn L4.3)
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..B (BLOWERMOTOR) . _ . . - -

SFEED

500-1999
5001999
500-1999
500-1999
$00-1999
20003999
2000-13999
2000~3999
2000-3999
2000-3999
L000-5999
L000-5999

1 Cilital
l.nnn :‘\"

X Hn¢<cemxomozzhunazcmnuouh g

mmuuﬁud

BZ (SYNCRO)

(Z 18 to be added on to basic circuit syabol B)

CoLg

NEROoQo>

DESCRIPTION

Control Transformer
Differential Gonerator
Differentiel Motor
Generator

Motor

Unelasz4fipg



CODE

blb<21<:C!biU)hUlJ':<3=R:!t*><c.*4::ﬂaﬂvt’t)d!)-

CODE

N mRGaHFXIQEY oW

cp
cP
cvV
cv
oV
Air
Air
Air
Unclassifled

CR (CRYSTAL)
TYPE OF MATERIAL

Germanium
Gormaniim
Germanium
Termanium
Selenium
Selenium
Selenium
Selenium
Silicor.
5ilicon
Silicon
331licon
Uneiaceiidied

53

MODIFTCATION

Standard
Variation from basisz chart
Closest to it

‘Standard

Variation from basic chart
Closest to it

Variation fram basic chart
Closest to it .
Standard

Variation from basic chart
Closest to it

Stancard

Variation from.basic cnart
Closest to it

Starncard

Variation from basic chart
Closest to it

Standard

Variaticn from basic chart
Closest to it

Standard

Variation from basic chart
Closes* to it

USE

Detector

p-N-p Trans®stor

Point contact transistor
Re tifiexr

Detector

p~N-p Transistor

Point contact + ansistor
Recuvifier

Devec tor

p=t-p Transisyor

Point ecntact trausistor
Reciifier



5k

~

§ (MISCELLANEOUS)

NREREROGE R %

DBSGRIPTION

Alr Cdmbrosaor

Adapter .

~Resistor 'uoqn!ﬂy .
' Capacitor Asembly”

Terminc)
Inpulasor

' Incandesca:;t Lap - AC

Incandoscenit Lamp - DC
Unclasaifisd >

# In the case of E hainp either nf these, uasas the cods developed

for T ond nloee on X 2fior 442 B4 Wie wlavuib symiol,

3, (INDICATOR)

-

CODE

MNOw>

DiSCRIYTION

Glow Lamp
In-~andescent - AC
Incandescent - DC
Unclaseified

L



NHM LI dO U NOT O ER N R~ T D Rt ame

e
-

26 series (&mphenol)
"

26 "
26

qF
Qthar - 3IF
Unclassified

%

J ML T (JACKS, PLUGS)

"
”n
"

MRMRER OF ACTIVE
0ONACTS

1.3
)V h'?

8-12
13-20

2l or more
1

2

3

A

S or more
1-8

916
17-2h
25-32

33 or more
1-3

L-7

8-12
13.20

21 or more
1

2

3

4

5 <r more
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K (RALAY)
RMLAY CLASS

General Purpose

General Furvose

General Furpose

General Purpose

General Purpcse
griera). Purpose
‘ower

Power

Power

Power

Power

Power
Sensitive
Sersitive

Sensitive
Sensitive

Sensitive

Sensitive
Thermal

Thermal

Thermal

Thermal

Tharmal

Thermal
Unclassified

L (coIL)
TYPE 0f COIL

Afr Core
Ajir Cers
Air Core
Air Core
Air Coru
Mr Core
Iron Core
fron Core
Iren Gore
Tren Gor-s
Arng wars

ACTUATIONS

Less than 1 every 10 hr.
1 every 10 hr. - 1 per hr.
2 « 5 per hour

6 - 50 per hour

51 - 499 per hour

S00 per hour or more

Leas than ) every 1C hr.

1 every 10 hr. - 1 per hr.
2 - 5 per hour ’
5 - SO per hour

51 - 199 per hour

€00 mar hour OF wiw

Less than 1 every 10'.ar.
1 every 10 hr, - 1 per hr.
2 - 5 per hour

6 - 50 per hour

51 ~ L99 per hour

SO0 per hour or more

Less than 1 every 10 hr.

1 every 10 hr, « 1 par hr,
2 « 5 per howr

6 - 30 per hour

51 - L99 per hour

SCO per hour or more

INSULATICOH

A
B
R H
Other
Unknown
Not important
A
B
H

idaowa



.« mena

Couz

N3 WLWxmLo v

" CODE

NRLQARWIOOoOZrRLWMIOmW TN D

o™

L (COIL) CONT.

TYre OF

R.F, Coil,
F. Coil,
F. Coil,
F. Coil,
r. Coil,
. Coil,

[o=d

ColL

Transformer
Transformer
Trunsformer
Transf{ormer
Transformer
Transformer

nclassifisd

R (RESISTOR)

JAN Ol KIL

RA
RA
RB
RB
RB
RC
RC
RC
i
i)
HN
P
Ry
RV
j5d's
32%d
EW
i
KLY
1Y

TYPE

Unclarsified

57

INSULATION

A
B
H
Other
Unknown
Not impcriant

FODIFIGATION

Variation from bhasic chart
Closest to it

Standard

Variation from basic chart
Closest to it¢

Stendard

Variation {rom basic chart

.Closest to it

Standard

Yariation fror basic chart
Closest to it

Jaristion from basic chart
Clogsest to it ’
Variation from basic chart
Closest to it

Standard

Variation 1rom basic chart
Closest to it

Jariation “rea basic chart
Clusest Lo it
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g
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NHLIOVCHEX > Ne Hdx OO OWM™

:

O HEZRGHIO YT O o

S (SWITCH)
S¥ITCH TYPE

Rotary

Rotary

Rotary

Rotary
Sensitive, Large
Sensitive, Large
Sensitive, Large
Sensitive, Larye
Seneitive. Small
Sensitive, Jmall
Sensitive, Small
Sansitive, Small
Toggle

Toggle

Toggle

Togele
Thermostatic
Thermostatic
Thermostatic
Thermostatic
Unclassified

T (TRANSFORMER)
TYPE

Filanent, Audio, Video
Filanent, Audio, Video
Filament, Audio, Video
Filament, Andio, Videc
Filament, Audio, Video
Power
Power
t'ower
Powayp
Fowe
Pulsge
Pulse
Pt
Falne
Fulzae

ACTUATIONS

Less tnan 1 per 10 hr.
1 per 10 hr, - 1 per hr.
2 < 15 per hour

16 psr hour or more
Lecs than 1 per 10 hr,
1l per 10 hr, - 1 per hr.
2 - 1¢ per hour

16 per hour or more
Less thai 1 per 10 hr.
i+ per 1d hr. - 1 per hr.
2 - 15 e hane

16 per hour or more
Less than 1 per 10 hr.

1 per 10 hr. = 1 per hr.
2 « 15 per hour

16 per hour or more
Less than 1 psr 10 hr.
1 per 10 hr. - 1 per hr.
2 = 15 per hour

16 per hour or more

INSULATTON

A
B
H
Other
Unimown
A
=1
i
otr.r
Untnowm
A
B
i
Cehor
Unknown



CODE

NCHrwo v

- f
1

T (TAANSFURM:R) (ONT.
TYHS ;

.’[
K.P, Coil, Transformer
R.F, Coil, Tranaformer
R.F, Coil, Transformer
R.F. Coil, Transformer
R.F. Coil, %Transiormer
R.F. Coil, Trensformwer

Unclassifised
v (TUBE)
MINIATURS

AA Diode

AB Dual Diode

AC Triode

AD Dual Trioge

AE - Pentode~Tetrode

AF Pentarrid

AG Thyratron

A Voliare lwepulator

OCTAL

BA Jiode

BB Jual Divde

2C Triode

10} tual Triode

RE Pentorle~-Trtrode

tlg Pentarvid

g Thyratron

34 Voltare Vepulavor

59

INSULATION

A
B
H
Other
Unknown .
Not important
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Vv (TusE) wobT.
SUBMINIATURE

Diode

Dusl Diode

Iriode

D) ™riode
Pantodeletrode
Pentagrid
Thyratron

Voltage Regulator

SPECIAL

Diode

Dual Dicde

Triode

Dual Triode
Pentode-Tetrode
Pentagrid

Thyratron

Thyrstron, Hydrogen

Dual Pentode

Voltage Regulator _

lison .

bBiode-Oas

Dual Dicde-Gas

Cathoda Ray-Blectrostatic
Cathode Ra'voElect.mmotic
Phototube-Gas

WAVEGUIDE TUBE

Kystron, receiving
Klystron, pover
ATR

R

Fra™h

Maotietron - L Bang
Haguetros - 5 Band
Hagmetron - X Band



W {CASLE)

© . F, Cable
Ordinary Cable
Unolassified

[0 - B

‘X (TUBE SOCKeT)

X as a symbcl in present day usare standa for holder or
socket. It nust alwavs he nombinsd Wil snounsr symbol to

oignily what it holds, e.g. XV ~ tube socket. Therefor™s, as
Qb

a general rule we will make ine thing 1t holds the puidepcint

aiid claceify 1% accordingly, e.g.

X - Tube socket would be chanped to

XV - Tube socket and since it holds a
12AT7 in pleee, it would be cuded AL,
the code number assoclated with the tube,

Y (CRYSTAL)
CLDE TYPE
A CR-18/U
3 ci~23/4
C CR-32/U
z Unclassified

61
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¢ (SPECIAL CIRCUIIS AND FUN

Iy K

i O
|V f“'tLSCRJPTI
Stindard ielay limm
Heromay Uslay Line
Pulee Traniformer a1 d iy an=
Liphthouse [ana Amy1ir".er - f'y
Power Amplifier Tube '&vity
Pulsa Forming licwo

Hleot-ical loise Luppts wr

Tileer Wwuwore,
Duny Load
At tannater

Lo-powar Amplifier Tube Cavity
Suppressor, Vurasitic

Coii, R.F. plats circult for w.¥. stayw

Cecillator Subassembly
Duplexer Network
Directional Coupler
Proselector Assembly
Unclassified
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